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RIPC Training (cont.)
❖ Twelve RIPC sessions were administered over two weeks in 3 four-day periods, each 
period separated by a one-day break (Figure 2).
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Abstract
Introduction
❖ Remote ischemic preconditioning (RIPC), elicited by brief periods of ischemia followed by 
reperfusion, is a method of inducing protection against ischemic-reperfusion injury in the 
cardiovascular system.
❖ Cardioprotection following RIPC is abolished after blockage (Mastitskaya et al., 2012) and 
denervation (Basalay et al., 2012) of vagal ganglionic neurons in rats.
❖ In humans with stable heart failure, cardiac function and heart rate variability (HRV) are 
improved following six weeks of daily RIPC (Chen et al., 2017).
❖ Both power spectral density and symbolic dynamic analyses have been performed in 
healthy controls and persons with Parkinson’s disease to assess sympathovagal balance 
(Vianna et al., 2016).
❖ Hypothesis: Heart rate variability (HRV) will be altered after following two weeks of 
repeated RIPC training. 
Methods (cont.) Results (cont.)
Conclusion
❖ Both power spectral density and symbolic dynamic analyses indicate a shift toward      
greater parasympathetic and less sympathetic activity following two weeks of RIPC.
❖ Thus, altered sympathovagal balance following repeated RIPC may be beneficial in      
improving autonomic function in humans.
Methods
Introduction: Remote ischemic preconditioning (RIPC), elicited by brief, intermittent periods of ischemia followed by 
reperfusion, has cardioprotective effects. Our lab recently found that repeated bouts of RIPC improves microvascular 
function; however, it is unclear whether autonomic function would also be affected. We hypothesize that heart rate variability 
(HRV) will be altered following two weeks of repeated RIPC. Methods: Eleven healthy adults (age = 22 ± 2 years, 6 males, 
5 females, BMI = 23.1 ± 3.4) performed two weeks of RIPC over 3 four-day periods, each separated by a one-day break. 
Each RIPC session consisted of 4 repetitions of 5 minutes of arm blood flow occlusion interspersed by 5 minutes of 
reperfusion. Before and one day after two weeks of RIPC, resting heart rate was collected with lead II electrocardiogram 
(ECG) while the participant was comfortably lying in a semi-recumbent position in a quiet, dimly lit thermoneutral 
environment. Power spectral density and symbolic dynamics were used to assess HRV from ~350 beat ECG segments. 
Results: Two weeks of repeated RIPC decreased the percentage of 0V fragments (pre-RIPC = 13.1 ± 6.5%, post-RIPC = 6.9 
± 4.9%, P < 0.05) and increased the percentage of 2V fragments (pre-RIPC = 42.9 ± 12.1%, post-RIPC = 52.5 ± 10.0%, P < 
0.01), while decreasing the LF/HF ratio (pre-RIPC = 1.1 ± 0.6, post-RIPC = 0.7 ± 0.3, P < 0.01). Conclusion: Both the 
spectral and fractal analyses indicate that repeated RIPC shifts sympathovagal balance by increasing parasympathetic and 
decreasing sympathetic activity.   (Iowa State University, IRB#17-608) 
Study Population
❖ Healthy young adults (n = 11, age = 22 ± 2 years, BMI = 23.1 ± 3.4)
❖ Non-hypertensive (resting mean arterial pressure = 87 ± 2 mm Hg)
❖ Not diagnosed with cardiovascular or metabolic diseases
❖ Not taking prescription medications or using tobacco products
RIPC Training
❖ Daily RIPC sessions were administered to subjects. Each session consisted of 4 repetitions 
of upper arm blood flow occlusion with a blood pressure cuff inflated to 200-220 mm Hg 
on the dominant arm for 5 minutes followed by deflation for 5 minutes (Figure 1).
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Table 1. RIPC Intervention Data (n=11)
Pre-RIPC Post-RIPC
Average Heart Rate 
(bpm)
61.8 ± 1.6 55.7 ± 1.8†
Mean arterial pressure 
(mm Hg)
86.6 ± 2.1 82.5 ± 2.6
HRV Spectral 
Analysis
LF (nu) 46.8 ± 4.8 37.5 ± 2.6*
HF (nu) 48.0 ± 4.0 56.2 ± 2.6†
LF/HF ratio (ms2) 1.1 ± 0.2 0.7 ± 0.3†
HRV Symbolic 
Analysis
0V (%) 13.1 ± 1.9 6.9 ± 1.5*
2V (%) 42.9 ± 3.6 52.5 ± 3.0†
* P < 0.05 vs pre-RIPC
† P < 0.01 vs pre-RIPC
↓
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↓
Figure 1: Schematic for daily RIPC training protocol.  Each red bar indicates a 5 min bout of upper arm occlusion.
Heart Rate Variability Assessment
❖ Before and 24 hours after two weeks of RIPC, resting heart rate was collected at a 1000 Hz 
with lead II electrocardiogram (ECG) for 10-15 minutes while the participant was 
comfortably lying in a semi-recumbent position (Figure 2).
❖ Data collection was performed in a quiet, dimly lit thermoneutral environment. Post-
measurements were recorded at the same time of day as the pre-measurements.
❖ Prior to measurement, subjects 
❖ Refrained from alcohol and moderate to heavy intensity exercise for 24 hours
❖ Abstained from caffeine or supplements the day of the experiment
❖ Fasted for 3 hours
❖ Approximately 350 beat segments were extracted toward the end of the resting period and 
used for HRV analyses that included both, 1) power spectral density analysis and 2) 
symbolic dynamic analysis.
❖ Prior to analysis, the ECG signal was screened using LabChart v8.1.11 (PowerLab, 
ADInstruments, Colorado Springs, CO.) to remove ectopic beats (i.e. beats that were 20% 
greater or less than the average resting heart rate) and were manually inspected to remove 
motion artifact-contaminated ECG.
❖ Power spectral density analysis: ECG segments were analyzed in the frequency domain 
using the fast-Fourier transformation. Spectral densities were assessed using low (LF) and 
high frequency (HF) classification values of 0.04-0.15 Hz and 0.15-0.40 Hz, respectively.
❖ Symbolic dynamic analysis: ECG data including the time corresponding to each R-wave, 
average RR interval (ms), and average heart rate (bpm) were imported into CardioSeries
v2.4 and analyzed for fractal pattern variation using symbolic analysis. Pattern occurrence 
were given as both absolute values and percentages.
Statistical Analysis 
❖ Two-tailed paired t-tests were run comparing pre-RIPC and post-RIPC data. Group mean 
data are presented as mean ± standard error. All graphs reflecting individual changes 
conserve participant data to the same symbol and include mean ± standard deviation.    
Figure 2. Diagram of the two week study timeline. Each box represents one day. ECG measurements were performed before and after 
the repeated RIPC sessions.
Results
Figure 4. Individual changes in the percentage of 0 V beats 
following two weeks of RIPC. * P < 0.05 vs pre-RIPC
Figure 5. Individual changes in the percentage of 2 V beats 
following two weeks of RIPC. † P < 0.01 vs pre-RIPC
Figure 6. Individual changes in heart rate following two weeks 
of RIPC. † P < 0.01 vs pre-RIPC
Figure 7. Individual changes in mean arterial pressure following 
two weeks of RIPC
Figure 3. Individual changes in LF/HF ratio following two 
weeks of RIPC. † P < 0.01 vs pre-RIPC
Sympathetic Activity: Greater reliance on 
LF spectral density and no variation in 
pattern variation (0 V).
Parasympathetic Activity: Greater reliance 
on HF and increased pattern variation (2 V).
